inTroduCTion
The death of a child represents a dreadful event for the child's parents and for the doctors who participate in treatment of a child, especially if it is unexpected. When clinicians are faced with an imminent child death they must carry out many complex tasks. They need to treat the patient experiencing an acute medical situation, establish a compassionate relationship with the patient's family, and support and work in team fashion with their colleagues as they acknowledge the human limitations to remedy a medical crisis [1] .
About 10% of pediatric deaths after the first year of life are sudden and population based studies put the individual age-related risk between 1:20,000 and 1:50,000 per year [2] .
The death certificate diagnoses in the case of pediatric sudden death may not be completely accurate, particularly in cases in which autopsy was not performed [3] .
The death of a child can be expected and explained (e.g. a child with malignancy who dies under appropriate circumstances, from complications of the underlying disease), expected and unexplained (e.g. a child with malignancy who dies earlier than expected or under unexplained circumstances), unexpected and explained (e.g. road traffic accident, meningococcal sepsis), and unexpected and unexplained (e.g. sudden infant death syndrome) [4] . Sudden death in children may occur as a result of infection, heart disease, malignant disease, asthma, aspiration or airway obstruction, congenital anomaly, genetic disorder, seizure, injury, suicide, homicide, etc., while the cause often remains unknown [2, 4, 5] . Death can occur in outpatient conditions, in the emergency department, or during the hospitalization of the patient [4] .
There are different terms in the literature that represent the causes of sudden death (Table  1) [1, 2, [5] [6] [7] [8] .
Sudden unexpected infant death (SUID), also known as sudden unexpected death in infancy (SUDI), is a term used to describe any sudden and unexpected death, whether explained or unexplained [including sudden infant death syndrome (SIDS) and ill-defined deaths] occurring during infancy. After case investigation, SUID can be attributed to suffocation, infection, ingestion, metabolic diseases, arrhythmia, trauma, etc. [9] . The most frequently reported causes of SUID are sudden infant death syndrome (SIDS), ill-defined and unknown cause of mortality, and accidental sleep-related suffocation. However, it is not always easy to differentiate between explained and unexplained SUID [10] .
Sudden infant death syndrome (SIDS) is the most common form of SUID and the leading cause of infant death. It is defined as sudden death of an infant which remains unexplained after a thorough case investigation, including a complete autopsy, examination of the scene of death, and a review of the child's medical history [11, 12] . In order to more precisely define SIDS, a new classification was offered (San Diego definition from 2004) according to which SIDS is divided into categories depending on the patient's medical history, examination of death circumstances, and the findings and completeness of the autopsy (Table 2 ) [13] . Risk factors for SIDS are irregular prenatal control, maternal smoking or alcohol and drug use during pregnancy, smoke in the infant's environment after birth, premature birth, prone positioning during sleep, sleeping on a soft surface and/or with soft objects such as pillows or stuffed toys, bed-sharing with parents during sleep, overheating and head covering of the infant, lack of breastfeeding [9] . Since the first recommendations for supine placement of infants to prevent SIDS in 1992, SIDS postneonatal mortality rates declined 55% between 1992 and 2001 [14] . According to medical statistics, the incidence of SIDS in our country is 5.9% [15] . Sudden unexplained death in childhood (SUDC) is the term used for an unexpected death of a child older than one year which remains unexplained after a thorough examination of the case [16] . SUDC is less common than SIDS, and usually occurs between one and four years of age [5] .
The causes of sudden death in children are often situations or events that could be prevented. Primary prevention includes the implementation of measures to prevent the occurrence of a situation or condition that could lead to death, as well as the recognition of symptoms and signs that may precede the fatal outcome, while secondary prevention implies adequate and timely conduction of cardiopulmonary resuscitation [9, 17] .
The aim of our study was to determine the most common cause of sudden death in pediatric patients admitted to the Clinic of Pediatrics of the Institute for Child and Youth Health Care of Vojvodina.
MeThodS
The retrospective study was conducted at the Clinic of Pediatrics of the Institute for Child and Youth Health Care of Vojvodina in Novi Sad, Serbia, and included 49 patients, aged from 10 days to 17 years, in whom death occurred in the Emergency Department and in the first 48 hours of hospitalization, in the period from January 1, 1995 to December 31, 2015. The cases of death in neonates hospitalized after birth at our institute were excluded from our study. Data relevant to the occurrence of death were collected from the medical histories of patients: age and sex of the patient, symptoms that preceded the admission to the hospital, the circumstances of the event leading to death, date and time of hospital admission, previous illnesses, personal and family history, treatment before arrival at the hospital, diagnostic procedures (laboratory, radiological, neurophysiological), and treatment in the hospital, date and time of death, diagnosis, and autopsy findings.
reSulTS
In the period from January 1, 1995 to December 31, 2015 at the Emergency Department and in the first 48 hours of hospitalization at the Clinic of Pediatrics of the Institute for Child and Youth Health Care of Vojvodina, 124 deaths occurred. Medical history was available for 49 patients, so they were included in our study (Figure 1 ). Due to the age of the medical histories, which were not stored electronically, a part of the documentation relating to the hospitalization of the patients at the Clinic of Pediatrics and of the documentation from the forensic medical institution was not available.
Out of the total number of patients, 30 (61%) were male and 19 (39%) were female. There were three newborns (6%), 21 infants (43%), six children aged one to two years (12%), five children aged three to five years (10%), four children aged six to 10 years (8%), and 10 children aged 11 to 18 years (21%) (Figure 2) .
Children who died were usually admitted to the hospital during the winter months [18 children (36%) from January to March] and at the end of the summer period [11 children (22%) in the August-September period). Patients came to the Institute more frequently during the weekend (on average 17% of patients per day during the weekend, compared to an average of 13% of patients per day during the working days), as well as in the evening and early morning hours [28 children (57%) from 6 PM to 6 AM].
In nine patients (18%) cardiopulmonary resuscitation (CPR) was performed before they were brought to the Institute. In 23 patients (47%) certain therapeutic measures (antibiotics, anticonvulsants, cardiac therapy, inhaled therapy, oxygen therapy, parenteral hydration and antipyretics) were applied, while 17 patients (35%) received no therapy. CPR at the Institute was performed in 45 patients (92%).
Eleven patients (22%) had been previously hospitalized for a short period of time in other medical institutions.
Chronic disease was present in 22 patients (45%) and it was associated with the cause of death in 21 patients. Only two children had an oncological disease (pilocytic astrocytoma in neurofibromatosis and one case of pineoblastoma). Ten children (20%) had a family history that could be associated with the cause of death.
In 25 patients (51%) death occurred within the first six hours after the arrival at the Institute (Figure 3) . In seven patients (14%) death occurred in the Emergency Department, 34 patients (69%) died in the Intensive Care Unit, while eight patients (17%) died in other departments of the Institute. Distribution of patients by the cause of death is presented in Table 3 .
Autopsy was conducted in 29 patients (59%). For 17 patients (35%) the autopsy report was available and the cause of death was determined according to it, while in others the cause of death was determined based on the medical history of the patient (anamnesis, clinical course, and diagnostic procedures).
diSCuSSion
The definition of sudden death is quite variable, with different authors setting limits of zero, one, six, and 24 hours from the time of onset of symptoms and signs to the time of death. There is a reason for such a flexible approach, given that too rigid adherence to definitions is impractical and may lead to the exclusion of important disease entities. However, patients generally have either been completely well or have been suffering from only an apparently minor illness immediately before death. If a chronic illness was present, it was thought to be stable. The common theme uniting all of these cases is that rapid deterioration occurred, culminating in death [3] . Unexpected death refers to the death of a child that was not anticipated as a significant possibility 24 hours before the death or where there was an unexpected collapse leading to or precipitating events that led to the death. This would also include unexpected death of a child with disabilities and/or chronic medical conditions [4] .
In our study, patients who died within the first 48 hours after the arrival at the Institute were included. In some cases death was declared at the Emergency Department, while the other patients died within 48 hours of hospitalization. In 50% of patients death occurred within six hours from the arrival at the Institute, while in 90% of patients death occurred within 24 hours. The criterion of the first 48 hours was taken arbitrarily, in order to include the time when the death that occurred could be called sudden, whether it is due to acute disease, condition or accident, worsening of a chronic disease or of unknown cause. Death which occurred in this period of time was certainly sudden and rapid, both for doctors and for parents, having in mind that most of these children came to the tertiary health institution from the outpatient environment with a previously stable health condition, indicating no possible occurrence of death. A certain number of patients were transferred from other medical institutions where they had been shortly hospitalized. Seasonality of mortality and, in general, of disease is a well-known phenomenon in many countries worldwide. In addition to atmospheric effects, the seasonal pattern of mortality is shaped by non-atmospheric determinants such as environmental conditions or a socioeconomic status [18] . Temperature differences are associated with mortality, but it is believed that the ability of people to protect themselves adequately from this is what predetermines the effect of temperature on the mortality of the population [19] . In developed countries, there is higher mortality in the winter months, due to the predominance of respiratory diseases, while in tropical countries mortality is higher during the summer months, which is associated with high prevalence of intestinal infections [18] . It is observed that the effect of the time of year on mortality is especially strong in children, particularly in the first years of life, when they are most vulnerable to environmental factors. This phenomenon is the most prominent in rural areas [18, 20] . Although data on the seasonal distribution of sudden death in children are missing in the literature, we can conclude, based on our research, that they match the overall epidemiology of mortality in children in developed countries. In our study, the majority of children (36%) died in the first trimester of the year.
There are studies that indicate that the incidence of SIDS is more frequent on weekends compared to working days. Suggestions given for this finding are restricted access to medical care over the weekend, parents who might be more relaxed during the weekend, may pay less attention to children and may be less willing to seek medical help over the weekend for apparently minor illnesses. Some studies suggest sleep deprivation in children over the weekend as a possible factor that contributes to increased mortality, especially among uneducated mothers [21, 22] . In our study, more patients were admitted to hospital over the weekend compared to working days, while the majority of them was received during the night, over a period of 6 PM to 6 AM (57%).
In our study, the predominance of male children is recorded (61%). It is known that mortality is higher in boys than girls in most parts of the world [23, 24] . This also applies to the sudden death [3] . This has been explained by sex differences in genetic and biological makeup, with boys being biologically weaker and more susceptible to diseases and premature death. These differences are particularly expressed in neonatal period and early infancy and are attributable to different sex chromosomes, as well as weaker immune systems due to the impact of male hormones [23, 24] . Recent studies have found that numerous preconception or prenatal environmental factors affect the probability of a baby being conceived male or female and that these factors can explain the differences in mortality between the sexes [23] . Serbia is among the countries where the sex difference in the mortality of infants is high, with a predominance of males [24] .
Children are much more likely to die during the first year of life than at a later age. The risk of death gradually decreases with age, then again increases as they reach high school age [25] . This also applies to sudden death, taking into account that SIDS is 37 times more often than SUDC [5] . Our study included patients from neonatal age through adolescence. Newborns who were hospitalized at the Institute after birth were excluded from the study, because of the specificity of early neonatal period and pathology of these patients. Most patients in our study were infants (43%), which is in accordance with the literature.
Sudden unexpected death in the young is always a tragic and devastating event leaving the relatives not only with grief but also with the awareness that sudden death may strike the family again. Thus, if a young person dies suddenly and unexpectedly, an autopsy (including blood or tissue samples for the purpose of genetic testing) is required for the clinician to be able to manage the family in regard to inherited diseases. The study conducted in Denmark showed that despite operating under the same set of laws there were significant regional differences in forensic investigations of young persons suffering a sudden unexpected death [26] . Cases of incomplete and inadequate autopsies in children are also described in other publication [3] . Of the 49 patients included in our study 29 (59%) underwent autopsy and the autopsy report was available for 17 patients (35%). In patients in whom autopsy was not carried out the cause of death was established by doctor on the basis of anamnesis, clinical course of disease and diagnostic procedures.
When we talk about the analysis of the causes of sudden death in children we need to have in mind that our study included patients who died in the pediatric Emergency department and at the Clinic of Pediatrics of our Institute. This study did not include patients who died in surgical Emergency department and at the Clinic of Pediatric Surgery of our Institute. This indicates that trauma, as a possible cause of sudden death in children, was excluded from our study.
SIDS remains the most common cause of sudden and unexpected death in infancy despite dramatic falls in rates over the past decade. Over one year of age, the major causes of sudden natural death are malignancies, congenital anomalies, and infections [3] .
In our study, which included 21 infants, in only one case can we talk about SIDS. It was a male infant aged two months, who was sleeping in bed with his mother. The autopsy could not determine the cause of death. Bedsharing is a well-known risk factor for SIDS. In this case we can also consider accidental suffocation as a kind of SUID, which is very difficult to distinguish from SIDS in some cases [9] . If we talk about the diagnosis of SIDS in this case, according to the San Diego definition it would be the category IB, when SIDS is not fully documented due to lack of investigation of the scene where incidents leading to death occurred and caring out incomplete autopsy (which includes toxicological, microbiological, radiological analysis, chemical analysis of the vitreous body, and metabolic screening) [13] .
In high-income countries, mortality from infectious diseases in children and young people is uncommon. Occasionally, the clinical course of an infectious disease is atypical and very aggressive and death occurs suddenly. Sudden unexpected death from infectious disease (SU-DID) accounts for 10-30% of all sudden deaths in children. SUDID incidence is especially high in infants as their immune system is still developing. The most common infections that lead to sudden death among children and young people are myocarditis, respiratory infections, and invasive meningococcal infections [6] . In accordance with the literature in our study, the largest number of deaths was due to infection (47%). Systemic bacterial infection (83%) was the most frequent cause. There were also three cases of pneumonia and one case of myocarditis.
Cardiovascular diseases are together with infections a major cause of sudden deaths in children [3] . Although all deaths result in asystole, not all sudden deaths are caused by arrhythmias [2] . Sudden cardiac death (SCD) is defined as death that is abrupt, unexpected and due to a cardiovascular cause. It is generally recognized as death that occurs within one hour from the onset of cardiovascular symptoms. In young people it typically occurs within a few minutes of symptom onset. Etiology of SCD can be divided into two categories: arrhythmic and nonarrhythmic, with hypertrophic cardiomyopathy being the commonest. Approximately 20-25% of SCD occur during sports activities [7] . In our study, there were 10 sudden cardiac deaths (20%).
Patients with epilepsy, including children, have an increased mortality rate compared with the general population. Most cases of death among these children can be attributed to the underlying neurological disease, but some are epilepsy related, including accidents, drowning, status epilepticus, and SUDEP [27] . The definition of SUDEP is written in Table 1 . The exact pathophysiology of SUDEP is currently unknown [8] . SUDEP is less common among children than among adults. Children with severe epilepsy and comorbid conditions are at a higher risk [28] . In our study there was one case of SUDEP. It was a boy aged two years with chronic disease (epileptic encephalopathy, severe mental retardation, amaurosis and atrophy of the optic nerve), who stopped breathing at home, 20 minutes before arrival at the Institute.
Status epilepticus is a rare but serious condition that is fatal in about 1% of children. The incidence is the highest in children under one year of age [29] . The most common causes of status epilepticus are atypical febrile seizures, metabolic abnormalities, central nervous system infections, brain tumors, cerebral dysgenesis, changes in dose of antiepileptic drugs, and drug overdose [30] . In our study, there were four patients who died due to epileptic status of different etiology. Although the majority of deaths in patients who have malignancies are expected, in some cases such death can be sudden, if it occurs earlier than expected or under unexplained circumstances [4] . In our study there was a boy with pineoblastoma, aged three years, who died due to recurrent seizures caused by the progression of the disease despite the oncological treatment.
Choking is a leading cause of morbidity and mortality among children, especially in those who are three years of age or younger. The main reasons for this are the characteristics of the child's airway, the underdeveloped ability to chew and swallow food, still insufficiently developed cough reflex and the tendency of small children to explore their environment by putting various objects in their mouth. Children with swallowing disorder caused by neuromuscular disease, developmental delay, and other conditions are at an increased risk of a foreign body aspiration [31] . Our study recorded four deaths after aspiration of a foreign body -food. The patients were two infants -a boy aged 14 years with cerebral palsy and an adolescent girl aged 16 years.
Rickets is a major health problem in many countries around the world. It is mainly caused by a lack of vitamin D and can lead to hypocalcemic seizures, cardiac arrest and sudden death of a child [32] . Our study included a seven-month old infant who died due to hypocalcemic tetany caused by rickets.
Evans syndrome is the association of immune thrombocytopenic purpura (ITP) and autoimmune hemolytic anemia (AIHA) mediated by autoantibodies and the diagnosis is made after excluding other diseases. Bycitopenia can occur at the same time or at different periods of time. This syndrome has a mortality rate of 10-36%, and the main causes of death are hemorrhage and infection [33] . In our study we considered this diagnosis in a boy aged nine years with recurrent thrombocytopenia and acute hemolytic anemia.
Even in developed countries, some 15-70% of all newly diagnosed children with diabetes present with diabetic ketoacidosis (DKA). Cerebral edema occurs in 0.5-1% of all episodes of DKA in children and is the most common cause of mortality in children with DKA [34] . In our study, death due to DKA occurred in an adolescent girl aged 15 years.
Carbon monoxide (CO) is a toxic, colorless, odorless gas which is a product of incomplete combustion of gas, coal, wood, and petrol. The largest number of poisoning happens at home. Children and the elderly are at higher risk for poisoning by this gas compared to healthy adults [35, 36] . In our study there was a single case of CO poisoning, which resulted in a fatal outcome.
In most countries in the world, drowning is one of the three most common causes of death from unintentional injury, with the highest rate in children under five years of age [37] . In our study there was a single case of a boy aged two years who drowned in a cesspool.
In 2012, an estimated 1.3 million adolescents died around the world. The leading causes of death among adolescents in 2012 were road injury, HIV, suicide, lower respiratory tract infections, and interpersonal violence [38] . In our study there was a single case of suicide by hanging in an adolescent boy aged 15, who was found by his mother hanging on the water supply pipe in the bathroom.
Despite the fact that medical crisis started before the arrival of patients at the Institute, in only 18% of them CPR was performed before hospital admission, while 35% of patients received no therapy. Many pediatric emergencies are managed primarily by providers who are not pediatric specialists and who have limited pediatric emergency medical experience. Therefore, it is necessary to educate them in terms of timely and adequate care of life-threatened children, in accordance with the latest recommendations [39] .
ConCluSion
Our study shows that infants are at the highest risk of sudden death, while the most frequent causes of death are infections and cardiovascular diseases. Sudden death in children can be prevented in most cases. Gaining insight into the structure of sudden death in children gives us an opportunity to promote preventive measures and highlights the need for health education of parents and timely diagnosis and therapy in both pre-hospital and intra-hospital care of life-threatened patients.
